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Abstract
Energy efficient HVAC solutions may be obtained by combining different energy sources – fossil and renewable –
into single hybrid systems. This leads to a variety of system concepts with specific boundary conditions. As a 
consequence, the definition of a unique representation method and a standardized performance evaluation procedure
is a challenging task.
Currently, two international projects promoted by the IEA are dealing with the representation and the performance
calculation of a particular category of hybrid systems, i.e. integrated solar assisted systems. The HPP Annex 34
“Thermally Driven Heat Pumps for Heating and Cooling”, whose goal is to reduce the environmental impact of 
heating and cooling by the use of thermally driven heat pumps, has solar cooling as one of the systems under 
investigation. The joint project between SHC and HPP Task 44 / Annex 38 “Solar and Heat Pump Systems” is
focused on different system combinations of solar thermal collectors and heat pumps.
The scope of the present paper is to show a systematic methodology to represent and evaluate the energy performance
of complex hybrid systems. The proposed approach is a joint effort of the on-going IEA activities and will be
discussed regarding the mentioned solar hybrid systems. However, the final goal of the work is to provide a basis for 
a simple, fair and transparent comparison of all systems for heating and cooling, regardless of the technology.
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1. Introduction 
Solar thermal energy has been identified to be one of the most promising technologies to cope with the 
increasing energy consumption that is leading to a progressive depletion of non-renewable primary energy 
sources and an increase in anthropogenic CO2 emissions. It has been widely accepted that the rising 
environmental pollution and climate change observed in recent decades are direct consequences of this 
trend. 
In the European Union, about 40% of energy is consumed in the residential sector, mainly for space 
heating and domestic hot water (DHW) preparation [1]. Especially in this sector, solar thermal energy has 
been identified as one of the key technologies for reducing the primary energy consumption [2].  
Generally, as the most common application, solar energy can be supplied directly to the user, in 
addition to a backup energy source (e.g. biomass or gas boiler) for domestic hot water preparation and 
space heating. Moreover, in combination with a heat pump, solar thermal energy can also be used to 
increase the temperature of the ambient energy source like air, groundwater or ground. Finally, it can also 
be used as driving energy for thermally driven chillers in solar cooling systems, usually with a back-up 
unit (e.g. gas burner on the warm side or preferably a compression chiller on the cold side of the system). 
Although the idea is not new, only in recent years an increased number of solar thermal hybrid systems 
(including solar collectors and gas boilers and/or heat pumps) for heating and/or domestic hot water 
preparation, as well as for cooling, has been developed either as pre-fabricated products or as custom 
made system assemblies. 
Standardised testing and performance evaluation procedures, including various performance figures, 
are available for almost all of the single technologies mentioned. However, solar thermal hybrid systems 
are lacking standardised testing procedures, transparent and comparable performance figures and methods 
for their calculation. When reporting on their performance, different system boundaries and different 
figures (including nomenclature) are currently used. This prevents a fair and transparent comparison both 
among systems adopting common or different technologies. This might cause a substantial disadvantage 
of these technologies and products on the market, since their benefits cannot be fully and fairly 
demonstrated, compared to well established products such as gas boilers or compressor chillers.  
An attempt to define a coherent nomenclature, a system representation including system boundaries 
and definitions of performance figures gained in laboratory measurements or field tests for thermally 
driven heat pump systems was presented in [3]. A method for the classification and representation of solar 
thermal and heat pump systems was shown in [4] and a reference system including system boundaries for 
the definition of performance figures was proposed in [5]. 
Following the previous works, a systematic method has been developed for the representation and 
systems evaluation of solar thermal hybrid systems. Since both compression and sorption heat pump 
systems show similarities regarding basic configuration and energy flows, this concept has been applied to 
both sectors in order to establish a unified and comparable method for their representation and 
performance evaluation. The current paper concerns with: 
 
x the introduction of a new nomenclature for the identification of the heat and electricity fluxes based on 
their source and sink; 
x the representation methods, i.e. the tabular representation -where systems are represented by means of 
a table showing the sources and sinks of energy flows 
x the energy flow chart representation, that graphically represents the fluxes among components; 
x the definition of relevant system boundaries and performance figures for a fair and suitable 
comparison among different systems. 
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Although focusing on solar + heat pump technologies (SHP), the final goal of the work is to implement 
the same methodology to any heating and/or cooling system, regardless of the system configuration or 
involved technology. 
2. The source/sink approach 
The presented system evaluation method is based on all components possibly installed in the system. In 
particular, it is centred on a source-sink approach, in which virtually any component can act either as a 
sink or as a source of thermal and/or electric energy for any of the components. 
The clear benefit is the degree of freedom left to the description of the connections. To easily manage 
the definition of such connections, an Excel table has been elaborated where the first column shows all 
possible elements of the system, treated as sources, and the first row reports the same elements regarded 
as sinks (see Fig. 1 and Fig. 2). 
The system’s components are grouped together using the following colours: 
 
x in grey TRADED ENERGY input/outputs to/from the system are accounted for electricity and any 
other energy carrier that may include fossil and/or renewable energy: gas, oil, wood, DHC. 
x in dark green FREE AVAILABLE RENEWABLE ENERGY SOURCES (RES) are reported, 
namely the sun, ground, air, water and waste heat thermal energies. 
x In light green the ENERGY CONVERTERS OR HEAT EXCHANGERS between the RES and the 
system are shown: solar collectors, ground probes and air/water heat exchangers. 
x In dark pink the STORAGES between the RES and the active components (heat pumps and backups) 
are set like the primary storage – so defined because it could be used as a hot or cold one depending on 
the operation mode and the heat rejection storage (e.g. latent heat storage to store rejected heat to be 
eliminated at nights). 
x HOT BACKUPS are depicted in light pink: boilers, CHP units, heating rods, etc. 
x HEAT PUMPS are highlighted in orange. 
x COLD BACKUPS are coloured light blue.  
x SECONDARY STORAGE, connected to the loads, is shown in dark blue being a cold storage in 
cooling applications and hot and/or DHW storage in heating ones. 
x Finally the BUILDING LOADS are represented in dark red. 
 
On the first row of the table, next to the building loads, additional cells are left empty for pumps and 
fans to be added: they are only considered as electric energy sinks (see Fig. 1). 
Every element is fully identified by a two-letter code: first two letters of the name (Sun = Su) or first 
initials of a composite name (Solar Collectors = SC). In this way every component is marked with an 
intuitive abbreviation: this will then be used to identify also all heat and electricity fluxes within the 
system. Hence, the flux is named as: “source”.”sink” (i.e. Su.SC). 
The system is described by marking a cross between the specific sources and sinks: in Fig. 2, the fluxes 
from the Heat pump (HP) and hot back-up to the heating distribution, and from the secondary storage to 
the DHW distribution, are shown as an example. Obviously, the large majority of the cells remain unused. 
Therefore, an automated procedure simplifies the main table and prepares a reduced one that only shows 
the existing fluxes and names them with the specific abbreviations (see Fig. 3). 
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Fig. 1. Source-Sink table 
                  
Fig. 2. Close-up of the source-sink table 
 
Fig. 3. Reduced source-sink table with nomenclature of the heat and electricity fluxes 
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3. The system representation 
The source-sink table fully describes the system from the point of view of the existing fluxes among 
components (nothing is disclosed about quantities yet). However, it is not intuitive enough, from the 
visual point of view, as needed. Therefore, an additional representation is used to assist the first. The 
Energy Flow Chart [4] is automatically generated (again in the excel worksheet), starting from the source-
sink table: all system elements in the table are shown on a diagram (as in Fig. 4), with a consistent colour 
representation. The traded energy is reported on the left side, the RES are reported on top and the building 
loads are on the right side. The system components are arranged at the centre of the diagram. 
Heat and electricity fluxes are represented with arrows among the elements (from the source to the 
sink), according to the source-sink table. Electricity fluxes are represented in grey, thermal energy is 
displayed in dark red. All arrows are also identified correspondingly to the source-sink table. A fully 
automated MACRO has been developed in Excel to generate the chart in Fig. 4, starting from the table in 
Fig. 1, facilitating the user and standardizing the illustration. 
Since electricity fluxes to pumps and fans would pack the diagram too much in case of complex 
systems, those components are shown as blue dots to be placed on the diagram, onto the respective heat 
fluxes: they represent the respective electricity consumption. The MACRO places the dots close to the 
diagram (the position of all the components is not known a priori) and the user sets them on the heat 
fluxes they establish. 
A quite complex hydraulic scheme is described with the easy diagram in Fig. 4: here, an electric 
compression heat pump is shown. It uses both solar energy from the solar collector and ambient air as heat 
sources and is powered by electricity form the grid; brine flows through the primary circuits (dashed 
lines). Two pumps are used to drive the circuits. The warm water (continuous line) prepared by the heat 
pump, flows across an electric heating resistance (hot back-ups) where it is eventually brought to the 
needed temperature and circulated to a hot storage or directly to the heating distribution. The hot, 
secondary storage is also fed by the solar collectors and serves heating and domestic hot water loads. 
 
 
Fig. 4. Energy Flow Chart. Complex solar + HP system. Method with permission of IEA- SHC Task 44 -HPP Annex 38, 2011 
78   Roberto Fedrizzi et al. /  Energy Procedia  30 ( 2012 )  73 – 83 
A second clear advantage of this approach is that boundaries of the system and subsystems can be 
represented on the diagram and input/output fluxes can be detected, justifying the performance figures 
calculation and the meters needed for the acquisition of the needed data. 
In Fig. 4, two exemplary boundaries have been sketched: the first around the solar collectors and the 
second around the entire system. The first boundary can therefore be regarded as a component boundary. 
Solar energy enters the first boundary, while heat to the heat pump or the secondary storage leaves it. The 
electricity consumption related to the “solar circuit pump” is also linked to this boundary. It is beyond the 
scope of this paper to discuss if the electricity consumption of the solar circuit pump should only act onto 
the energy balance of the solar collector, onto the energy balance of the heat pump or onto both. Either 
way, the graphical representation allows the user to unambiguously assign the energy consumption to the 
given subsystem and to show the choice. 
With regards to the second boundary, heat fluxes from the free available energy sources (solar 
radiation and heat from ambient air) cross the boundary as inputs together with electricity as purchased 
energy. Heat for the heat distribution system and for DHW crosses the boundary in outgoing direction on 
the side of the loads.  
Fluxes entering to and leaving from each boundary are clearly stated and so are the meters to be used 
for their assessment: four calorimeters and one electricity meter have to be used for the identification of 
this system’s performance. Clearly, different meters (and performance) are associated to the system 
boundary in Fig. 5, where solar radiation and air thermal energy have to be evaluated. 
 
 
Fig. 5. Energy Flow Chart. Different system boundary represented. Method with permission of IEA- SHC Task 44 -HPP Annex 38, 
2011 
Moving from these considerations, the MACRO generates a “performance calculation sheet”, where all 
boundaries’ inlet and outlet fluxes can be reported. In Fig. 6, the system’s representative fluxes are 
reported and grouped as electricity inputs, thermal energy inputs and thermal energy outputs. The single 
contributions as far as the totals are stated; monthly and yearly data can be used for the characterization of 
the whole system and subsystems. 
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Fig. 6. Performance figures calculation table 
4. The system boundaries and performance figures 
One of the benefits of defining generally applicable performance figures for different types of heating 
and cooling systems lies in the possibility to easily and transparently compare different products and 
technologies. This might be of interest especially for policy makers and customers, but also energy 
consultants and planners for example. Currently, almost every technology has its own nomenclature and 
definition of performance figures. Even within the same technology, different authors and normative 
documents tend to define different figures for a variety of often non-matching system boundaries. They 
may or may not include the “auxiliary” electrical energy consumption (e.g. liquid pumps, ventilators and 
controls for gas boilers), storage losses, consumption of the distribution systems etc. This inconsistency in 
performance reporting among different technologies and different publications is often very confusing, 
especially for readers without a profound technical knowledge, such as most end users, policy makers etc. 
The first step towards the definition of performance figures was to define a set of system boundaries 
for a generic energy system. At current stage, only heating and DHW applications were taken into 
account.  
When defining the boundaries, the following goals regarding the information content, usability and 
target group were pursued: 
 
1. The overall system performance including the energy distribution system. The possibility of an 
energetic, economic and ecological evaluation of the whole system – the overall energy balance, 
traded energy, free energy, emissions etc. This information is interesting for the user, the policy, 
statistical evaluation etc. 
2. The possibility of an economic and ecological evaluation of the energy producing system, 
without the energy distribution system, which may vary for different applications. This is 
interesting for product quality assurance, labelling, manufacturers, planers, installers, 
comparison between different systems and technologies regarding efficiency, primary energy, 
emissions etc. 
3. The performance of the system without the influence of the storage losses – decoupling of the 
energy producing part and energy storage part. This is interesting e.g. for control analysis 
(production-demand), dimensioning etc., especially for system analysis (manufacturers, R&D 
etc.). 
4. The performance of each “energy transformation unit” (e.g. heat pump), including all parts 
needed for its proper functioning (e.g. heat sources). The performance of each unit under given 
circumstances gives information about the efficiency of every subsystem and possible 
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improvements. This is interesting for component and subcomponent manufacturers, planners and 
installers, system analysis etc. 
5. The performance of each energy transformation unit itself, without the influence of the 
“auxiliary” energy (energy sources etc.). This closely corresponds to the energy balance used 
currently in most quality assurance schemes both for solar thermal collectors and heat pumps 
(e.g. Solar Keymark, EHPA Quality Label). By comparison with other performance figures, an 
analysis of the system regarding peripheral energy consumption can be made. This is interesting 
for manufacturers, planners etc. 
 
 
Fig. 7. System boundaries for the definition of the performance figures 
Starting from these five goals for a comprehensive analysis of an energy producing system, system 
boundaries for the exemplary solar + HP systems can be defined (see Fig. 7). At this stage, the boundaries 
have been defined for heating operation and domestic hot water (DHW) production only. The cooling 
mode will also be considered in the future. System boundaries in Fig. 7 have been numbered according to 
the objectives stated in the bullet points above. Applied to a concrete SHP system, the boundaries 
represent the following systems and subsystems: 
 
1. The whole system including all components up to the traded energy at the interface (on the left 
of the diagram), including the consumption of the heat distribution and DHW systems (on the 
right). 
2. The whole system excluding heat and DHW distribution systems. 
3. SHP System excluding secondary storage, but including the back-up. 
4. The heat pump unit with its sources, which can also include another heat transforming unit, here 
the solar collector.  
5. The energy supplying units: Heat pump (a), back-up heating (b) and solar collector (c). 
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In order to express the effectiveness of a system or a subsystem for the above system boundaries over a 
certain period of time, the Seasonal Performance Factor (SPF) can be used. It can be generally defined as 
the ratio of useful energy output to energy input for system boundary i: 
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However, especially in hybrid systems, different types of end energies are used for system operation: 
besides the electrical energy, gas, oil, biomass or heat from the district heating network or waste heat from 
an industrial process might be used. As different types of energies have in general different specific 
exergy content and also different economic values and environmental impact, they should be evaluated 
separately. Practically, for a system with both thermal (or chemical – fuel) and electrical energy inputs, an 
electrical and a thermal SPF have to be provided separately: 
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Although the SPF provides in most cases a good figure to estimate the quality of the system under 
given operating conditions, for a more in-depth economic or environmental analysis of the system 
performance for available energy sources, the Primary Energy Ratio (PER) might be used. It is defined as 
the ratio of the useful energy output to the primary energy input to the system boundary. To be able to 
calculate it, certain primary energy factors for every type of energy input have to be provided and agreed 
upon. 
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Depending on the aim of the calculation, the primary energy can be defined as “overall” (e.g. for the 
analysis of the economic aspects) or “non-renewable only” (e.g. to estimate net emissions). The primary 
energy factors εi are depending on the position of the system, time of the year and on local policies. 
However, some generalised values are given in the national Annexes of the EN 15316 [5] or in EN 
15603:2008 [5]. If substituted with emission factors (e.g. expressed in kgCO2,equ per kWh energy) or 
energy price (e.g. expressed in monetary unit per kWh energy), the equivalent CO2 emissions or the 
energy costs of the system over the considered period of time can be obtained, respectively.  
Beside these two key figures, a number of other performance indicators might be of interest in solar 
hybrid systems: renewable energy ratio, solar fraction, fractional energy saving, global warming potential 
etc. An overview is provided in [8] and [9]. 
It is obvious that not all performance figures for all of the proposed system boundaries are interesting 
for different target groups. Moreover, due to often limited possibilities in terms of measurement 
equipment installation, not all data will be available to carry out a comprehensive system analysis. The 
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choice of what to measure and calculate has to be made according to the purpose. However, on the system 
level, it has been agreed within the participants of both projects to recommend system boundary 2 (see 
Fig. 7) for the comparison between the systems and technologies. This choice is also in-line with the 
current practice for most of the heating and DHW technologies. 
In order to fully evaluate the quality of the system, the operating conditions including climate, building 
category, user behaviour etc. have to be considered. The knowledge of the SPF or PER, measured or 
calculated, is not enough. Therefore, a proposal defining the minimum required information (including 
different performance indicators), which should be supplied to different target groups (users, planners and 
installers, subsidy bodies etc.) is currently being developed within the groups. 
5. Conclusions and outlook 
Different hybrid solar systems for heating, cooling and DHW preparation have been introduced into 
the market in recent years and are expected to gain a significant market share. However, there are 
currently no standardised test procedures or transparent and comparable performance figures and methods 
for their calculation.  
In a joint effort between two projects within the International Energy Agency, a systematic approach 
towards a system representation and performance evaluation of energy systems, regardless of the 
implemented technology, has been elaborated with an emphasis on the residential applications. 
A tool for a system representation in terms of energy flows based on [3] was presented as well as a 
systematic approach for specifying system boundaries and defining system performance figures. Both the 
approach and the tool have been elaborated to be technology independent and to facilitate an easy and 
transparent comparison of different systems. 
In a next step, the calculation of the key performance figures will be integrated into the tool and a 
proposal for minimum required information for performance reporting will be elaborated.  
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